Carbon nanotube field-effect transistor for a low noise amplifier by Ngu, Kek Siang
  
 
 
 
CARBON NANOTUBE FIELD-EFFECT TRANSISTOR FOR A  
LOW NOISE AMPLIFIER 
 
 
 
 
 
 
 
 
 
 
NGU KEK SIANG 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA 
 
 
 
 
 
 
 
 
 
  
 
CARBON NANOTUBE FIELD-EFFECT TRANSISTOR FOR A  
LOW NOISE AMPLIFIER 
 
 
 
 
 
NGU KEK SIANG 
 
 
 
 
 
A project report submitted in partial fulfilment of the 
requirements for the award of the degree of 
Master of Engineering (Electrical - Computer and Microelectronic System) 
 
 
 
 
Faculty of Electrical Engineering 
Universiti Teknologi Malaysia 
 
 
 
 
JUNE 2015
iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Specially dedicated to my beloved family, lecturers and friends 
for the guidance, encouragement and inspiration 
throughout my journey of education 
 
iv 
 
 
 
 
 
 
 
ACKNOWLEDGEMENT 
 
 
 
 
First of all, I would like to express my appreciation and gratitude to my 
supervisor, Ir. Dr. Michael Tan Loong Peng for his advice, guidance, and support. 
When the project is carried on, he gives me tips and his suggestions always inspire 
me to produce good work.  
 
Next, I would like to thanks my examiners, Prof. Dr. Razali b. Ismail and Dr. 
Zaharah Johari for their effort in marking and correcting my thesis. They had also 
gives advice that helps me to improve my project.  
 
Besides, many thanks also to my project coordinator, Dr. Usman Ullah 
Sheikh for his precious time and constructive advice in this project.  
 
Last but not least, special thanks to my parents and friends for their 
supporting and understanding. 
 
 
 
 
 
 
 
 
 
 
 
 
 
v 
 
 
 
 
 
 
 
ABSTRACT 
 
 
 
 
The demand for low power front-end receiver which works at ZigBee 
Standard had increased because it helps to increase the battery life and ZigBee 
Standard is used by many applications, such as sensor, Bluetooth, and wireless. One 
of the important parts of front-end receiver is Low Noise Amplifier (LNA). It helps 
to amplify the signal received before the signal is sent to the mixer. Nowadays, most 
of the LNA is produced by using the technology of MOSFET. However, the 
technology of MOSFET will reach its limit in 2020. There are a few different 
structures which can be used to replace MOSFET but they will also reach their 
channel length limit when MOSFET reach its limit. Among different materials, 
CNTFET is the best material to replace MOSFET because of its characteristics of 
high mobility, and can conduct larger current densities. This thesis focuses on single-
ended CNTFET LNA design that can operate with low voltage supply and consumes 
low power. It is a big challenge to design a low power LNA as the performance of 
the LNA degrades at low voltage. Besides, it is even more challenging as the 
specifications need to consider the requirements of mixer. Among LNA topologies, 
cascode LNA gives the highest gain, which makes it suitable to be used. The 
technology used for this project is 32nm CNTFET. The model used is Stanford 
CNTFET Model for HSPICE. CosmosScope is used to view the waveform. The 
proposed CNTFET LNA operates at a supply voltage of 0.5V. It provides a gain of 
18.17dB and acquires a noise figure (NF) of 1.38dB. The total power consumption is 
only 1.09µW. The specifications show that the CNTFET LNA can work well at 
voltage supply and is suitable to be integrated with a mixer.  
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ABSTRAK 
 
 
 
 
Permintaan bagi penerima bahagian rendah yang kurang kuasa yang 
berfungsi dengan piawai ZigBee meningkat kerana ia membantu meningkatkan hayat 
bateri dan piawai ZigBee digunakan oleh pelbagai aplikasi seperti penderia, 
Bluetooth dan wayarles. Salah satu bahagian penting bagi penerima bahagian depan 
ialah penguat hingar rendah (LNA). Ia membantu mengguatkan isyarat yang diterima 
sebelum isyarat itu dihantar ke pengadun. Pada masa kini, kebanyakan LNA 
dihasilkan dengan menggunakan teknologi MOSFET. Walau bagaimanapun, 
teknologi MOSFET akan mencapai hadnya pada tahun 2020. Terdapat beberapa 
struktur yang berbeza yang boleh digunakan untuk mengganti MOSFET tetapi 
mereka juga mencapai had mereka apabila MOSFET mencapai hadnya. Antara 
bahan-bahan yang berbeza, CNTFET adalah bahan terbaik untuk menggantikan 
MOSFET kerana ciri-ciri yang lebih baik seperti mobiliti tinggi dan boleh 
mengalirkan kepadatan arus yang lebih besar. Tesis ini memberi tumpuan kepada 
reka bentuk CNTFET LNA satu tamatan yang mampu beroperasi dengan bekalan 
voltan rendah dan menggunakan voltan rendah ultra. Mereka bentuk LNA kuasa 
rendah memberi cabaran yang besar kerana prestasi LNA menurun apabila ia 
beroperasi di voltan rendah ultra. Ia menjadi lagi mencabar kerana spesifikasi 
tersebut perlu mempertimbangkan keperluan pengadun. Antara topologi LNA, 
topologi cascode memberikan gandaan yang paling tinggi. Oleh itu, ini menjadikan 
ia sesuai untuk digunakan. Teknologi yang digunakan untuk projek ini ialah 
CNTFET 32nm. Model yang digunakan ialah Stanford CNTFET Model yang 
digunakan untuk HSPICE. CosmosScope digunakan untuk melihat bentuk 
gelombang. LNA yang dicadangkan beroperasi pada bekalan voltan 0.5V. Ia 
membekalkan gandaan sebanyak 18.17 dB dan mencapai angka hingar (NF) 
sebanyak 1.38 dB. Jumlah pengunaan kuasa adalah 1.09µW. Speksifikasi 
menunjukkan LNA tersebut berfungsi dengan baik dan ia sesuai untuk 
disambungkan dengan pengadun. 
